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ftl-f- 4r3*-*l"§- 7}^1 aV£*fl ^iflAlEl ^ ^a«J-^{A semiconductor capacitor 

having tantalum oxide as dielctric film and formation method thereof} 

51 2a ^ 51 2b^ AA H h 2 0 ^ 0 2 » W# ^ 

^^*r 71* ^AV^>^nl^A5. tr ^r^M: 7flt^^S 51 a] 

£ 3*1] ^ofl nf€- PET^f TAT-DMAE #^1^ ^r£°fl ^^71^ M-E}^ 

51 4^r Ir^l 7]^-^ E^ff ^i^^7> Ru ^Hf^^r ^Hl i^Kr 7]^# 

^-j^S 51*1 ^ ^ojcf. 

<5> #51*11 ^sflAlE^] ^O.S ( J±4 ^1^71]^ ^S^-g- -R-*l 

<6> #51*11 nll5LE] dt^S} ^^5L7V feof^ n}Eh ^-g-^o. ^ 
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<7> ZLS^-, ^# JL-H-^-ir* 7}^1 ^efl T^^E^ aj.Jf^o.s. a> 

-g-sqia ^Tfl «>-§-*Rr to 5^-11, cji^tfl a>sj.^ <g 

^, Pt, Ru, Ir ^^14 TiN ^ £^ ^ A}-g-s}^ ^ 

< 9 > ig^o} ty-^ojj o^*v ^-7] E^-g. x^tsJ-^ PETCpentaethoxide tantalium), 

Ta(0CH 3 ) 5 , TaCl 5 l3r^# ±^£- 0 2 , H 2 0, H 2 0 2( N 2 0 ^ ^-g-*} 

Ru-I: ^^i^-^-S AV-g-s]-^ , RuS^^l *V±±^S. °l«fl ^S^H Ru0 2 » 

W-(concave)^ T^aIe-]^ -fr^ 0.5. aV^dv^. ^ o-ofl <= 

JE.ei*l7fl ^^M], 7fl^ R U ^ ^oHl^ El-## <L>5f^o] 
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<12> 



OEt 

EtO^ ' 0^ CHs 
Ta | 
/ \ X— CHs 
EtO EtO I 

Kg 



<13> (°17)*\, -#7) Rl, R2^ ^l^Mcf) 

<14> ^T^^M: S-^Rr «>£*fl ^3flA]E^l- ^l^flCf . 

<15> >^7l 7]^3 ^11- ^fT>7) ^*fl S c*> i «> £ ^ 7 ]^. ^ ^Jf^^a. 

^*Rr #31, # 7 ] ^"71^ ^S^JlS afl^^ 

^ s.^*}^ Ti^H^ ^^ h o v ^# ^i^w. 

<16> o]*} %^}cz\ ^Hl* ^^f-^-S^ , t^-fr ^tltf. ol^> 
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<17> £ 1£ ^ofl rrj-e}. ^€ ?\j%X\z]<i] £A]^ £. 1-g- 

TEOS^-(IOO)^ #7] TEOS^UOO)^ ^-g; icj-ej- *Hf^(llO) 3? ft^f- -^-^^(120) 
3 4^^(130)01 £*>3f^ ^Solcf. ^-7) spjL^o.^ Ru, Pt ^ 

Ir S)^r ^ TiN, TaN, WN ^ ^SKM A>-g-^ ^ oicf. ^-7] 

3 a*** ^nv o>qaf f (Ti,Ta)N^ ^o] jL-g-Sfl ^Eflo] ^^51 ^JjL^ A>-g- 7}^ 

<5}£f. ^-71 Oj^-tb # °l A o Vo l ^>-§"€ T £ 

<19> [sj-^V^l 1] 

OEt 

EtO^ 1 ^0^ CH8 
Ta ! 

/ V*X— CH« 

EtO EtO r^Ri 

Ka 

<20> ^7l^, A> 7 ] X - xJ^Kg- 7>^J1 Ta afl^^Rr ^-§- 

3^*], N, S, 0, C=07> 21^1-4. #71 R 1( R 2 ^ nfll7l <^^7l# ^H^ltf. 

<21> £ t^S] ^tf- ^Sj-^ ^^M: W 4>i iiS^ ^ 7}i7} A>-g-^cf 

. ^>7l _£_^7)-i^r 0 2 , H 2 0, N 2 02Hr 400°C°l*r^ ^<HHJ= Ej-ig-f. A^nVo^ ^ 

<22> ^-7] S^l^a}-*^ -f-Ai-^ <i5j-«}-7l^-#aV^ (thermal chemical vapor 
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deposition) 2L^r ^7r#3*«o v, ?H] ^«fl ^ $14. #7l ^V^aJf^* W 

^7l##*)-»H *}^l<sf 3_&7}+m ^^*m tflS ^*H1 €^># 

3##^£- ^# ^^l^r i$7}if vfls £*>3 (sequential).^ -R-^^^jO 

#71 £ ^<s] ^7>^ ^f^U^r 43* **fl ^ ^ ^i^- 

(110)°1 <§#^ tfVEsfl 7]flr-g: ^MStH °1°H, #7} #2}-^ ^S. # 

7] Sj-^15. S^£]^r -fr^l^ e_^# a>£^l 71^ R U £ 

^■(no)a^^l a*-«M 5£^ #si*i ^-g- -R-siW. #7i #^31^ ^l-si 

(bubbler)^ iEfe LDS( liquid delivery system)*-^* #*fl ^^i^f. #7l Q 
* 34^, #7] f^t^S 5E^r oj-e^ ^.o} 1-%^ 5|^7>^» 

-n-^^H ^# €^*)1 °1*H1 ^o\] Q^is}^ Bj^-f- #^-*ll» *fl7l 

<H*eH?J ^4 ^, 31^7]-^^ 4r°d* f^r-O. #7] iL#7r^» 

-R-^m £.^7>ife ^a^a #7l 3^*114 l^sH f^f- -M-ev* 

^#^>7fl €4. #71 ^aj-^tH^fl* £±l SE^ ^ 1-%^ 7}iS 

?1 3, 4*1 -B-°^-Sl^7>^ -B-^->^.#7>i «.<$^3\x) 7 }^ o-ogo^ A> d 

#* €*Hr ^1^1 h}-^ #3^(120)* ^#^T ^ $14. 

^7H, #71 #^-3)-^Sl BtiJ-f- ^^^1^1 -ft-<^-gr l~2000sccm°l 3#^r4. #7l 
tfx] 7}^ oj-s^-g- Aj-g-sf^ ; -B-^^ l-2000sccmol ^^%i%t± m a> 7 ] 

7>i^l -B-^^€- l~2000sccm°l 3#*r4. #7] ^ah^wlSl 100~600°C£l ^i^^l 

°1M -n-^lsl^ ^3°1 h>^*H, 0.1 - 30 torrS. 3°1 af 
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<25> SHfSl^KllO) %s$ ^^"f- -£3^(120) <+3|-^ ^* -§- 

o]<5}7fl ^>7l ^Sfl ^-71 5}-^l^ Bl-Ej-g. o.og g + ^ A] ^- 0.sL*) , 

^BWlS^lM" ^<5>^ 4^* ^7>S ^« ^ °1 ^-f, #7] ^ 

^Sj-^M: S^tt ^ fl**. °H ^^l^ 2001-2960Jl°fl 

<26> oj#3] sJ-^-g: 7^ -fr^^-(120) W^^-(130)-g- ^7} ^ 

Jf^l^g- Ru, Pt % Ir f-^ £ TiN, TaN, WN ^ ^s^l a>-§-^. 

^ #7) #<£^2) ^5}, (Ti,Ta)N4 Q°] JL-M1 ' 

<27> -g^ofll 

<28> ^^S)ew]7|. oj= 15 o] ^^c-i R U Spf*!^ ^ TAT-DMAE(Tetraethoxy 

Tantalum-DiMethylAminoEthoxide)* ^r^f- ^H^S. ^}JL, 0 3 # ^hdii^S *H , Ej-ig- 
1- -fi-#*M- ^*>534. tt^I^ -a-^->si^-K)3 -fr«a & 

*H#S. ^f^-fr ^-§-*>£i=K °1 °fl, ^ £t-£tt 250°C, 300°C, 350 °C , 

*>-¥- 1^ t 2 )» a H ^ifl^Cf. 

<29> 

I 
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13. 1] 



1 




250 TC 


300 U C 


I 350 TC 


400 "C 


1 


tl 


240 


103 


| 233 


244 


t 2 


220 


102 


| 207 


228 



^1 &<H-H, «iiL ^fl^ B^f- A^nKg. <g^- - ol^-o. c a V - olcf. 

<31> 

<32> ^4 alJUl- ^*fl ft'tf- sIt^S PET*, ^iiiiS H 2 02} 0 2 1- AA 

«H 350 °C£] ^JSL^H %7\%^%^£LS. Ej-lrl- ^-S}-^ ^^St^k -£ 2a ^ £ 

^<L3, €°Jtir 7}|^A5L SL^^t}. h 2 07> *Y^±.±.°\ ^-f , £ 2a«fl 

*}<4 ^o], 7 fl^(140)^ #^-oflir ^>sj-^-(130)ol 7fl^-(140) 

3 *HM|^- ^S^l ^^s]^ ##tK o]^3 7 ])^.«.o 1 §>«-oflA4 RuB>( 110)^1 

S^^S. 9l^c RuO 2 (H0 , )S. °l*fl #3^(130)^ av^l- «>7) nfl-g-o.s. 

-fl^^h -£ 2b^| 51 0 2 » ^iiiS a}-§-*V ^ -foliar 7fl^(140) # 

*H ^ E),l-# ^Bj-O] ^^S)X1 
<33> Wli32^]2 

<34> #^15. PET« JI, ^JiiiS 0 3 « *>-8-SM, 250 V, 300 °C , 

350°C ^ 400°C^ ^r£6fl^ *\%-^<LS. Q!k% ^^-£4. 

<35> O] ^-O f oV A 4, ajilofll^ H 2 0# #^^5. ^ -fSf o.a>*V oj:^ uj-ElaflS 

o)* £ 2a « -M^^S, ^ ^£oflA4 ^elc^ 7fl^(140)^ tf-MSr & 

21-10 



^ 1020010003165 2001/3/2 

^-51-^(120)01 ^^sisa^-M-. shmi^ ^# $^3*1 #3"£r 

£7]- f^7>f-ofl C^Bf Hl-ig-g- A>S|-^(120)ol ^^S)^- Ho] (IE. 2a^ h)7> ^7>*}^r ^^§- 
a 2<i 300 °C ^ 350MH <i^(120)^ ^ * t}^- ^~ 

IS] ti, t 2 )^ ^# ^^ v (120)ol 2a ^ h) ^St* M-Bl-ifl^ 

<36> IS. 2J 







300 "C 


350 U C | 


t x (A) 


549 


456 


1 


t 2 (A) 


-0 


~0 


1 


h (A) 


3000 


6700 [ 



oflM PETofl «l^fl £1^1- 7>x)^ ol-fj-i=- ^>^ofl 7 )o)^. oj^^-ofl( ste ric 

hinderance)^ ^#7l<# ^ ^3l^(sticking probabi 1 ity; J3 )«- -f-*H ^ 

<38> £ 3<H1 PET^f TAT-DMAE^ £r-£ofl ^ ^ ^^7l <y-(equi 1 ibrium vapor pressure)^: 

^ ^rH-T-^HM tat-dmae^ ^^^7i<y-o] pet^ ^^i^y]^) yl^fl 

fe^* ^ 4^, £r£«1Hfe- TAT-DMAE^ 3%*§^7}<&o] PET^I 

7l <?H ^ ^711 sit}. H^ofl^^ Ej-^f- ^^-^1 ^^7^1- PET£] ^ 

140 M ^r£ollA4 ; TAT-DMAE^ 120 M ^£oflA^ ^-^-sl-^ o.B.3. °] ^^-<>\}S. ^ 

^7l<a-o] TAT-DMAE^l ^-°-7}- <9 2«ll $5. &7\] ^t}. sg^^ 7 l^o] ^cf^ ^-g, 7 l4 v -° 
S ^^flsj-^ ^-7>^7> F^-b 33* ^Dl5>°.S TAT-DMAE^I ^-fofl f^^tH ^--g-sq 
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5. ^4. ^i^^S. a>-§-^ TAT-DMAE^ ^sfl^ PET^] al*fl £^ 

<39> ojs}- ^ #7l<y-^ ^>o]^ ^^(steric effect)^ ^ ^ 91^. 

1989^ ^3^r«rS) (American Chemical Society) Chem. Rev.^1 ik3L& «-Sfll:&l 
(Bradley) -fe-^r 'Metal Alkoxides as Precursors for Electronic and Ceramic 

Materials'^, ^7} ^ <£^}o)^°) 7%°- *z\ 7 } €-(bulky) ^-f Ji<4 <£^}°]B. =l 
#^ Ji.^*l (bridge)^! ^*fl ^^^(dimers), ^ ^ i>|( tr i mers ) 

(oligomers)!- °l^Rr ojo} f o]^ o]*fl oj-^ol^^ #7l<y-ofl 3. cg^-g. p}^- 

<40> o]o|i nj-ej- PET^l -ihh^Hr ^5)2] l^fl- €^ ^-fr^l^i: 

<41> 2] 

EtO EtO 

EtO^J ^OEt ' ^.OEt 

/ \ 0Et / \ 
EtO EtO EtO EtO 

<42> tilig, TAT-DMAE^ ^-f, ^-^-^^-^ ^€* r 7r Ta ^^Sf afl^^^- 
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<43> 3] 

EtO 

I XHa 

„ / \ x NMe2 
EtO EtO 

<44> ^hM, pet^ TAT-DMAE ^i^H ^3 t>^^°l fe°> fl^^l ^ 

SlH^r ^>^> #71 ^1^1] ^ oim^7> ^ -^o^ ^ ^ 

<45> SS-M *l*l^r 4^ ^^Ml^M" -H5]Sfl 1- <^ 

9X^. ^^-s-g-l-^^-sl^l (Japanese Journal of Applied Physics) 38^(pp. 2205-2209) 
7l}4& 7V^*}ef(Kawahara) *1 -f^ 'Conformal Step Coverage of (Ba,Sr)Ti0 3 

Films Prepared by Liquid Source CVD Using Ti (t-Bu0 2 )2(DPM) 2 '£r, Ti (t-Bu0 2 ) 2 (DPM) 2 *i 
^l* ^3-7} Ti(DPM) 2 *H*-*I|* A>-g-^ alsfl (Ba,Sr)Ti0 3 ^-^-^ 

#* r £^°l 4-^s>cfji iLZL^-Jl ^cf. <#7] fe-^H A]-g-^ Ti(t-Bu0 2 ) 2 (DPM) 2 ^l 
^^Ml^rfe- n 0.02°H f Ti(DPM) 2 ^ ^^Ml^r ^ 0.1 olJELS, *^7jl^7> ^-f 

<46> ol«q- o]Al-f #] f-o] *Q 65] tr^S^l^tflsHH ^-str 'Chemical 

Vapor deposition Precursors for (Ba,Sr)Ti0 3 Films'^ fe^r# il 1 ?!, Ti ^ Ir^bgr S.^ 
surface reaction)# -§r^^M](rate determining step)S. Ir^M °1 J F < H^H, 

<47> °1» ^*f) JUS, ^^7j]^7> ^ Ti ^^flS] ^-f7> S^ol^o] ^.ol 

2) <a*n ^°ih jus, ^^^^s ^ 7 > ^(buiky) ^^i7> ^7]- ^ # 
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^lliLt}- *2>^1^7> ^JE-S., -g- TAT-DMAE #^-317} PETiL^ ^7fl^7> ^-cf 

3. ^ 5tU, <y«fl TAT-DMAE^ ^7} $X4r 

< 48 > £ 4^ Hl^-f- ^^^7}- R U ^^(110) #°fl ^^Vtt 71^1- S.*H_9_ 

3. £^ ^oltf. W >e}- ^-o], E^Hg- ^^7> ^71 Ru ^^-(llO)ol $^*Hr 

7fl^^ *>^-6fl Sl^Hf 7l^^r 7fl^^-(140) ^S^-E^ S^^l^(l) S^r 7fl^ 
(140) s>^-S.o) ^^^^(2)<H1 W £ 2a Hl^r £ 3<H] 

$<>1, Ru SHf^UlO)^ ^H^H Ru°l <l>5|-s|^ «#-g- ^l^l ^3W^r -g-^ ^ 

ol^o> §}t^ #7l<a-ol £o> ^#5q*r <£°1 ^roj-o) ^ o] e| tb 

*\, -g- TAT-DMAE ^ ^efls] ^t^SI PET ^1 «l*fl f^l^l ^ji, 

<49> £ ^vrgofl rtfe^ ) El^-f- ^7>2} ^H^W HL^ 7f^l El^-# # 

^311- A>-g-s>JL, i$7}if Aj-g-f-O.^^ , ^Eflofl til^fl o] 

E^l-fl- 7>^1 til£^l 7) 3fl 7>] E-) ^) <8^o] 7>^>Cf. 
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1] 

OEt 

EtO^ ' 0^ CHsi 
Ta i 
/ \ X — CHe 
EtO EtO |\ Rl 

( ^?]*\, ^7) Ri, R 2 ^ *l«r7H4-) 
2] 

3] 

2 %H] 5a°H, #71 5)^^- Ru, Ir SE^ Pt<?l ^ -2-3. alJE*!] f] 
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4] 

*fl 2 * 0 H1 9X°]*}, ^7) TiN, TaN £^ WN°1H ^14 

5] 

*)1 1 N, S, 0 iE^r C=0 f^H *>M-$] 3* 3- 

6] 

7] 

1 %H1 &<H*1, -*7l ^Sj-^^r ^ 100-600 °C 51 -gr^H ^-§- 

8] 

#£31 7]# Aj-ofl sp^^-fr ^sRr #31; 

Aj-71 *Pf^ Aj-ofl Cf-g-Ol <&^# Ufl^^ 3131 

sL It^fe #^f- #^1, ^7>i * sl^l7>^* #^3_os ^<a«H ^1" 
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OEt 



EtO^ ' 0-^ CHs! 
Ta i 
/ \>X— CH 8 
EtO EtO |\ Rl 
Re Kl 



9] 

*fl 8 %H1 5U°H, N, S, 0 £fe C=0 *>M-^1 3J* 

[^U- 10] 

^ #71 t}^-^ S.t£ #ofl e>ig-f- ^el^-fr cfTill- C-l 3Lf-*Kr 7A-$r 

11] 

*fl 10 *<M1 S^i, #71 ^H-g- Ta(0C 2 H 5 )5 SE^ TaCOCHs^*] ^ 

12] 
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[S. 11 
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